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PURPOSE: To provide a compact and high capacity semiconductor device, by a 
method wherein IC chips laminated into multilayer are housed in a package wtdch 
has inner pads placed in a shape of steps and the inner pads are connected to the 
corresponding outer conducting pads of the chips. 

CONSTITUTION : IC chips la--ld are piled and fixed with adhesive material 3 such 
as insulating resin, conductive resin or soldering material on the stage 5 of a package 
4. The required connecting pads 2a, 2b. 2c of the chips and inner pads 6a, 6b, 6c of 
the multilayer constructed package 4 are connected with wires 7. The surface of 
each chips is protected by an insulating film 9. The required connecting pad 2d of 
the chip Id at the top stage and the required pad 2c of the chip Ic of the lower suge 
are connected with a wire 7'. The inner pads 6a^6c of the package and correspond- 
ing pads 2a^2c of the multilayer IC chips la'^ld are to be placed on almost a same 
level. Thus the yield of the multilayer IC production is improved and the compact 
and high capacity devices are provided. 
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Specifications 
1- Name of Invention: Semiconductor device 
2.. Scope of Patent Application 

(1) In a semiconductor device wherein semiconductor-element 
stacked layers integrate the elements in the multiple layers 
and a multi-layered semiconductor integrated circuit (IC) 
chip having conductive pads installed for connecting each 
layer to the outside is contained within a package, 
a semiconductor device characterized by the internal pads 
inside the said package being installed in multiple layers 
in a stepped fo2:mr amd by both the above-noted conductive 
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pads and the internal pads of each corresponding layer being 
connected through external conductors. 

(2) The semiconductor device described in Application Item 
1, which is characterized by the above-noted external 
conductor being a bonded wire . 

(3) The semiconductor device described in Application Item 
1, which is characterized by the shape of the above-noted 
conductive pads and the shape of the above-noted internal 
pads being formed to match each other, and by the above- 
noted multi-layered semiconductor IC chip being connected 
via electrode pads in a face-down mode and being the 
above-noted external conductor. 

3, Detailed Explanation of Invention 

This invention pertains to the structure of a semiconductor 
device in which are installed multi-layered semiconductor IC 
chips - In electronic equipment such as electronic calcula- 
tors or communication equipment, increasing the packaging 
density of the semiconductor device is extremely important 
to working out the structure's miniaturization and bulked-up 
storage- For the sake of this goal in such semiconductor 
ICS as large-scale integrated circuits (LSI) , structures for 
increasing element integration in each package include (1) 
structures aligning multiple LSI chips in a single semi- 
conductor package, (2) structures forming semiconductor 
elements on chips' [word illegible], (3) structures stacking 
semiconductor packages mounting LSI chips and (4) structures 
forming a semiconductor layer on a dielectric layer on an 
LSI, making the said semiconductor layer monocrystalline by 
laser-annealing and forming an LSI on -the said monocrys- 
talline semiconductor layer. (See Nikkei Electronics 2:18 
(1980) p. 82) Although in the structure of (l)-(3) one 
cannot expect broad improvement in mounting density for 
[word illegible] and equipment, and integration and packaging 
density are broadly increased in the structure of (4)', the 
circuit terminals of each layer are not exposed. So, there 
has been the problem that individually inspecting the 
processing function of LSIs formed on each layer and the 
circuit function of the circuits has been arduous. 

In view of this problem, this invention is to provide a 
semiconductor device which stacks integrated circuit (IC) 
chips, restrains to the utmost the enlargement of packaging 
dimensions so as to broadly increase the IC's packing 
density per package, and encloses within packages multi- 
layered semiconductor IC chips with a structure making it 
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possible to measure each process function and circuit 
function for each IC chip. 

I.e., in a semiconductor device having element-integrating 
layers stacked into several layers in which semiconductor 
elements are integrated and having multi-layered semicon- 
ductor IC chips with conductive pads installed to connect 
each layer with the outside are contained in a package — 
this invention is characterized by the internal pads in the 
said packages being installed in multiple layers in stepped 
form, and by the internal pads being connected to the 
above-noted conductive pads of matching layers through 
external conductors. 

In the following, I will explain this invention in detail, 
using Figures 1 and 2 which show two application examples of 
the chip stacked-layer structure in top surface diagram (a) 
and cross-sectional diagram at the A-A' arrows (b) , and 
Figures 3 and 4 which show cross-sectional typical diagrams 
of two application examples of chip-mounting structure in 
the package . 

These semiconductor IC chips used in the multi-layered 
semiconductor IC of this application example as each 
element's integrating layer follow the fabrication processes 
ordinarily applied, such as for MIS type ICs . They complete 
the forming of a gate oxide film, gate electrode, source and 
drain region, wiring, etc. Leaving only the bonding pad 
exposed as the conductive pad for the wiring, the upper 
surface is covered with a surface-protecting dielectric film 
of [two words illegible] glass { PSG) , In some cases bump 
electrodes are formed on the above-noted bonding pads. 

Then, for example, in the- stacked-layer structure of a 
multi-layered semiconductor IC such as shown in Figures 1(a) 
and (b) , the desired niamber of bonding pads 2a, 2b, 2c or 2d 
are formed in the electrode [xincleax wordi areas along semi- 
conductor IC chip la of the first layer, chip lb of the 
second layer, chip Ic of the third layer and chip Id of the 
fourth layer, with the size of each layer's chip being 
gradually made smaller than the one below it so that each 
layer's chip will have a perimeter (outer edge) extending 
beyond the edge of the chip above it. (9 in the figures 
represents the surface-protecting dielectric film, ) 

Adhesive layer 3 for when these semiconductor IC chips are 
laminated is made of such dielectric resins as silicon 
resin, epoxy resin or polyimide, or such conductive adhe- 
sives as silver paste or alloys such as gold-tin (Au-Sn) 
with wax. In using a wax material with the above to make 
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them adhere, one must first have formed a met alio layer of 
gold or the like on the underlying semiconductor IC chip's 
surface-protecting dielectric film. In structures that do 
the affixing with a conductive adhesive or a wax, it is 
advantageous to form a contact window in a desired location 
other than the edges of the surface-protecting dielectric 
film 9 of the next chip below, and to make an electrical 
•connection in a vertical direction with a desired region of 
the upper chip through the above-noted conductive adhesive 
or wax material. 

Also, in the separate application example represented in 
Figures 2(a) and (b) for a structure where semiconductor IC 
chips of the same size are stacked, each semiconductor IC 
chip's bonding pads, such as 2a, 2b, 2c and 2d of la, lb, Ic 
and Id are formed only along the edges where the said chips 
abut each other. Then, the same kinds of dielectric resin, 
conductive resin or wax are used as adhesive layer 3 when 
stacking the chips. (9 in the figure indicates the 
surface-protecting dielectric film.) 

The semiconductor device of this application example has a 
structure placing the above multi-layered semiconductor IC 
chip within a semiconductor package. As shown in Figure 3's 
typical cross-sectional diagram, in this application example 
the multi-layered semiconductor IC chips on which the above- 
noted semiconductor IC chips la, lb, Ic and Id are stacked 
sequentially on semiconductor package 4's chip stage 5 are 
affixed by an adhesive layer 3 of dielectric resin, con- 
ductive adhesive or wax material as noted above. Internal 
pads 6a, 6b or 6c of semiconductor package 4 foanned by 
multiple layers with the desired bonding pads 2a, 2b and 2c 
(usually all bonding pads) of the ai)ove-noted chips are 
connected via wire 7, the external conductor,' by the wire 
bonding method, (9 in the figure indicates the surface- 
protecting dielectric film) . " 

In this application example the desired bonding pad 2d of 
said uppermost chip Id and the desired bonding pad 2c of the 
chip Ic below it have a [word illegible] connected by outside 
connector 7'; and such outside conductor connections are 
made with a structure connecting the circuits formed on each 
chip to a common power source. Also, it is desirable that 
internal pads 6a, 6b and 6c of semiconductor package 4 in 
the said structure be formed with a height roughly equal to 
that of bonding pads 2a, 2b or 2c corresponding respectively 
to multi-layered semiconductor IC chips la, lb and Ic* 



Figure 4 is a cross-sectional diagram of one application 
example of this invention in a semiconductor device mounting 
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a multi-layered semiconductor IC chip in a semiconductor 
package with a face-down structure. In this application 
example, multi-layered semiconductor IC chips make the 
previously described stachs of semiconductor ic chips la, lb 
and Ic having bump electrodes 8a, 8b and 8c of lead-tin 
(Pb-Sn) on bonding pads 2a, 2b and 2c. The said chips' 
upper surfaces are made to face downward, and wax sets them 
in place by above-noted bxamp electrodes 8a, 8b and 8c on 
internal pads 6a, 6b and 6c formed in multiple layers in 
semiconductor package 4. The structure is completed by 
electrically connecting said bump electrodes 8a, 8b and 8c 
via external conductors to the bonding pads of each layer's 
semiconductor IC chips la, lb and Ic and to the internal 
wiring of the package. (9 in the figure indicates the 
surface-protecting dielectric film. ) 

In the said structure one must make the thickness of each 
layer's semiconductor IC chip roughly the same as the gaps 
between the internal wiring of the semiconductor package. 

As explained above, in semiconductor devices having this 
invention's structure the semiconductor IC chips are fixed 
and stacked within semiconductor packages, so that enlarge- 
ment of package dimensions can be greatly restrained and the 
circuit density (degree of integration) per package can be 
broadly increased. At the same time, because the bonding 
pads of each semiconductor IC chip and the internal wiring 
connecting to it have a structure that protrudes within the 
package, inspections can be done on the process functions 
and circuit functions for each chip when assembling the said 
multi-layered semiconductor ICs . So, improvements can be 
made in manufacturing throughput. 

Also, because" the structure of the internal pads of the 
semiconductor packages in this invention are made to cor- 
respond approximately to the structure of the multi-layered 
semiconductor IC chips' conductive pads, the above-noted 
chips' testing [? - word almost illegible] can readily be -done. 

In the structure of this invention's first application 
exan^le, the bonding pad of each elements' integration layer 
protrudes, making it possible to use external conductors to 
connect the said chips' bonding pads, as described above. 
Consequently, in the multi-layered chips of semiconductor 
devices with the said structure it is not absolutely 
necessary to perfect the wiring function for a single chip, 
as one can form circuit functions across multiple chips . 

Hence, with this invention, at the same time that one 
improves the manufacturing throughout of multi-layered 



semiconductor IC's, one is able to miniaturize such 
electronic equipment as electronic computers and electronic 
communication equipment and give them larger capacity. 

4. Simple Explanation of Figures 

Figures 1 and 2 show two application examples of this 
invention's chip-stacking structure in multi-layered 
semiconductor ICs, with (a) being a diagram of its upper 
surface and (b) being a cross-sectional diagram at the A-A' 
arrows. Figures 3 and 4 are cross-sectional typical 
diagrams of the two application examples of the structure 
for mounting the structure into the package for this 
invention. 

In the figures, la through 'id are semiconductor IC chips 
vdiich are the element-integrating layers; 2a through 2d are 
bonding pads, 3 is an adhesive, 4 is a semiconductor 
package, 5 is a chip stage, 6a through 6C are the package's 
internal pads, 7 and 7' are external conductors, 8a through 
8c are bimp electrodes, and 9 is a surface-protecting 
dielectric film. 
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